Background: Moderate and severe hypothermia with cardiopulmonary bypass during aortic surgery can cause some complications such as endothelial cell dysfunction or coagulation disorders. This study found out the difference of vascular reactivity by phenylephrine in moderate and severe hypothermia. Methods: Preserved aortic endothelium by excised rat thoracic aorta was sectioned, and then down the temperature rapidly to 25 o C by 15 minutes at 38 o C and then the vascular tension was measured. The vascular tension was also measured in rewarming at 25 o C for temperatures up to 38 o C. To investigate the mechanism of the changes in vascular tension on hypothermia, NG-nitro-L-arginine methyl esther (L-NAME) and indomethacin administered 30 minutes before the phenylephrine administration. And to find out the hypothermic effect can persist after rewarming, endothelium intact vessel and endothelium denuded vessel exposed to hypothermia. The bradykinin dose-response curve was obtained for ascertainment whether endothelium-dependent hyperpolarization factor involves decreasing the phenylnephrine vascular reactivity on hypothermia. Results: Fifteen minutes of the moderate hypothermia blocked the maximum contractile response of phenylephrine about 95%. The vasorelaxation induced by hypothermia was significantly reduced with L-NAME and indomethacin administration together. There was a significant decreasing in phenylephrine susceptibility and maximum contractility after 2 hours rewarming from moderate and severe hypothermia in the endothelium intact vessel compared with contrast group. Conclusion: The vasoplegic syndrome after cardiac surgery might be caused by hypothermia when considering the vascular reactivity to phenylephrine was decreased in the endothelium-dependent mechanism.
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INTRODUCTION
The interaction between vasopressor agents and hypothermia has attracted considerable research interest because of the frequent observations of hyporesponsiveness to vasopressors during or after hypothermic cardiopulmonary bypass (CPB) [1, 2] . It has been demonstrated that hypothermia potentiates vasopressor responsiveness in cutaneous vessels but decreases such responsiveness in deep vessels, such as the human middle cerebral artery [3] , rabbit carotid artery [4] ,
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− 403 − human coronary artery [5] , and the rat pulmonary artery and thoracic aorta [6] . Extensive studies with deep vessels have focused on the influence of endothelial nitric oxide (NO) or prostacyclin (PGI2) on the hyporesponsiveness to vasopressor during or after hypothermia [7] [8] [9] . Although this hypothermic effect was mainly reported in in vitro isolated vessels, there are inconsistencies in the role of the endothelium in the hyporesponsiveness to phenylephrine (Phe) during hypothermia.
Despite the fact that increasing evidence shows that endothelium-derived hyperpolarizing factor (EDHF) participates in the control of the vasomotor tone, it is unclear whether EDHF is associated with hyporesponsiveness to vasopressor during or after hypothermia.
The optimal body temperature during aortic surgery with circulatory arrest has been widely debated. It has been dem- Vasoplegic syndrome is a common complication of hypothermic CPB, appearing with an incidence of 5% to 25% [11] . It is characterized by significant hypotension, high or normal cardiac output, and low systemic vascular resistance.
Further, whether hypothermia itself can be an important causative factor of the vasoplegic syndrome is still unclear.
Thus, the purpose of the present study is to improve our understanding of vascular responses to α 1 adrenoceptor ago- 
2) Isometric tension experiments
The aortic rings were vertically suspended between two steel hooks in an organ chamber filled with 10 mL of modified KRB solution gassed with 95% O2 and 5% CO2. The temperature of the organ bath was controlled with a refrigerated bath circulator (RBC-10; Jeio Tech, Seoul, Korea).
One of the hooks was anchored, and the other was connected to a strain gauge (FT-03; Grass Instrument, Quincy, MA, USA) in order to measure isometric tension. The rings were stretched at 10-minute intervals in increments of 0.5 g to reach optimal tension. Optimal tension was defined as the minimum level of stretch required to achieve the largest contractile response to 60-mM KCl and was determined in the preliminary experiment to be 2.0 g for the size of aortic rings used in these experiments. After the rings had been stretched to their optimal resting tension, the contractile response to 60-mM KCl was measured. After washing out the KCl from the organ bath and returning the isometric tension to the prestimulation value, we checked for endothelial integrity.
The presence of the endothelium in the endothelium-intact Endothelium-intact rings were verified by ＞60% relaxation, whereas denudation was verified by ＜5% relaxation in response to ACh.
The first experiment was designed to investigate the direct 
3) Drugs and solutions
The following drugs showed the highest purity commercially available: Phe HCl, ACh, L-NAME, indomethacin (Sigma Chemical, St. Louis, MO, USA). All of the other drugs were dissolved and diluted in distilled water. All drug concentrations are expressed as the final molar concentration in the organ bath.
4) Data analysis
The logarithm of the drug concentration (Log EC50) eliciting 50% of the maximal contractile response was calculated using a non-linear regression analysis by fitting the concen- ephrine dose response relationships in endothelium-intact rat thoracic aortic rings (n=8). (B) L-NAME slightly attenuated (p＞0.05) hypothermia-induced percent tension reduction (PTR) (C) whereas L-NAME had no effect (p＞0.05) on rewarming-induced tension recovery index (TRI). a) p＜0.05 compared with control.
− 406 − Fig. 3. (A) Indomethacin (10 -5 M) had no effect (p＞0.05) on phenylephrine dose response relationships in endothelium-intact rat thoracic aortic rings (n=7). (B) Indomethacin had no effect (p＞0.05) on hypothermiainduced percent tension reduction (PTR) (C) whereas Indomethacin had no effect (p＞0.05) on rewarminginduced tension recovery index (TRI). 
RESULTS

1) Effect of NO synthase inhibition or PGI2 inhibition on hypothermia-induced PTR or rewarminginduced TRI
The original tracing of the first series of experiments is shown in Fig. 1 . As summarized in Table 1 (B) Combined pretreatment with L-NAME and indomethacin significantly attenuated (p＜0.05) hypothermia-induced percent tension reduction (PTR) (C) whereas these drugs had no effect (p＞0.05) on rewarming-induced tension recovery index (TRI). a) p＜0.05 compared with control.
domethacin significantly attenuated (p＜0.05) hypothermia-induced PTR (Fig. 4B) . In contrast, in the comparison of rewarming-induced TRI, there were no differences between pretreated rings and control rings (Figs. 2C, 3C, 4C ).
2) Effect of deep hypothermia (18 o C) and rewarming on Phe dose-response relationships
The original tracing of the second series of experiments is shown in Fig. 5 . In endothelium-intact rings, rings pretreated with deep hypothermia (18 o C) and 2-hour rewarming significantly decreased (p＜0.05) the sensitivity and maximal response to Phe compared with the control rings at 38 o C ( Table   2 , Fig. 6 ). However, these hypothermic effects were not observed in the case of endothelium-denuded rings. In a comparison of the effect of the rewarming time, the Phe dose-response relationships of 2-hour rewarming were not different from those of 1-hour rewarming (data not shown). The data are shown as the mean±standard error of the mean. Log EC50 indicate the concentration eliciting 50% of the maximal contractile response. Emax means the maximum contraction in response to phenylephrine. Log EC50, logarithm of the drug concentration; Emax, maximum response. endothelium-intact rings whereas these hypothermic effects did not appeared at endothelium-denuded rings (n=7).
Fig. 7.
One hour hypothermia at 25 o C and 2 hours rewarming attenuated ( a) p＜0.05) phenylephrine dose response relationships in endothelium-intact rings whereas these hypothermic effects did not appeared at endothelium-denuded rings (n=7). The data are shown as the mean±standard error of the mean. Log EC50 indicate the concentration eliciting 50% of the maximal contractile response. Emax means the maximum relaxation in response to bradykinin. Log EC50, logarithm of the drug concentration; Emax, maximum response; L-NAME, NG-nitro-L-arginine methyl ester. 
DISCUSSION
The first of these in vitro experiments using the rat thoracic aorta revealed that lowering the temperature of the organ tor-mediated contraction. These hypothermic effects were attenuated by the presence of L-NAME, an inhibitor of NO synthase, and indomethacin, an inhibitor of PGI2, suggesting that the direct effect of moderate hypothermia might be associated with the production of NO and PGI2 in the endothelium.
Evora et al. [12] demonstrated that the endothelium was sensitive to temperature variations and that PGI2 and NO-dependent pathways might be involved in endothelium-dependent vasorelaxation to hypothermia. In our previous studies Taken together, these findings suggest that the underlying mechanism for the endothelial-dependent component of hypo- [7, 8, 12, 13] . The hypothermic effect of profound vasorelaxation is a similar finding to severe hypotension at the initial phase of hypothermic CPB. Although it is generally accepted that hemodilution and non-pulsatile flow are associated with a sudden drop in blood pressure when CPB is applied, the present study shows that hypothermia itself can play a major role in producing a profound hypotension in the initial phase of hypothermic CPB.
Recently, Chung et al. [13] suggested that the hyporesponsiveness to Phe during hypothermia is produced by endothelium-dependent mechanisms. Because their study was performed in the state of hypothermia, their results cannot explain the phenomenon of hyporesponsiveness to Phe after the completion of rewarming. Therefore, the present study was designed to focus on the hyporesponsiveness to Phe after the completion of rewarming during cardiac or aortic surgery with hypothermic CPB. In the second series of our experiments, Phe dose-response relationships in endothelium-intact rings pre-exposed with deep hypothermia (18 o C) shifted to the right, indicating that there is hyporesponsiveness to Phe.
These findings did not appear in endothelium-denuded rings,
suggesting that hyporespoviseness to Phe is produced by endothelium-dependent mechanisms. We believe that these endothelium-dependent mechanisms involve NO-cGMP pathways and PGI2-cAMP pathways, as mentioned above. We also found this hyporesponsiveness to Phe in endothelium-intact rings pre-exposed to moderate hypothermia (25 o C). Therefore, the present study strongly suggests that the hyporesponsive- channels [16] . Furthermore, the bath application of a relatively specific α 1-adrenoceptor agonist, Phe, certainly does not mimic the release of norepinephrine, adenosine triphosphate, and vasoactive peptides at specialized sympathetic neuroeffector junctions [17] . Even with these limitations, however, our findings provide the new insight that the therapeutic effect of α -adrenoceptor agonists, such as Phe or norepinephrine, can be attenuated during or after hypothermic CPB in cardiac surgery. To control systemic hypotension with these drugs during or after hypothermic CPB, the anesthesiologist and the surgeon should keep in mind the occurrence of hypo-responsiveness to these vasopressors. In addition, this study also provides the basic data to elucidate the underlying mechanisms of low systemic vascular resistance or vasoplegic syndrome in cardiac or aortic surgery with hypothermic CPB [18, 19] . Cutaneous vessels start to vasodilate in the rewarming period. The present study shows that deep vessels such as rat thoracic aortae are also easy to vasodilate during hypothermia or even after the rewarming period. Therefore, we conclude that the rewarming or after-rewarming period is vulnerable to the production of severe hypotension or low systemic vascular resistance because both types of vessels are prone to vasodilation. Although vasoplegic syndromes are linked to the NO-cGMP pathway [19] , the mechanisms responsible for these syndromes have not yet been fully understood. We believe that the hypothermic condition itself is one of the important factors responsible for vasoplegic syndromes in cardiac or aortic surgery.
In conclusion, moderate and deep hypothermia stimulates 
